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Summary
Accurate perception of the actions and intentions of
other people is essential for successful interactions
inasocial environment.Several cortical areas that sup-
port this process respond selectively in fMRI to static
and dynamic displays of human bodies and faces.
Here we apply pattern-analysis techniques to arrive at
a new understanding of the neural response to biolog-
ical motion. Functionally defined body-, face-, andmo-
tion-selective visual areas all responded significantly
to ‘‘point-light’’ human motion. Strikingly, however,
only body selectivity was correlated, on a voxel-
by-voxel basis, with biological motion selectivity. We
conclude that (1) biological motion, through the pro-
cess of structure-from-motion, engages areas involved
in the analysis of the static human form; (2) body-selec-
tive regions in posterior fusiform gyrus and posterior
inferior temporal sulcus overlap with, but are distinct
from, face- and motion-selective regions; (3) the inter-
pretation of region-of-interest findingsmaybe substan-
tially altered when multiple patterns of selectivity are
considered.
Introduction
One of the most important functions of vision is to pro-
vide information about the actions, intentions, and iden-
tities of other individuals. Functional magnetic reso-
nance imaging (fMRI) research into how the human
visual cortex accomplishes this task has identified neural
activity in a number of posterior areas that are selective
for the visual appearance of conspecifics. In the human,
the extrastriate body area (EBA; Downing et al., 2001),
which is found at the posterior end of the inferior tempo-
ral sulcus (partly overlapping motion-selective area
hMT+), is selective for static images of human bodies
and body parts. Face-selective responses are found in
posterior fusiform gyrus, particularly in the right hemi-
sphere (fusiform face area, or FFA; Kanwisher et al.,
1997). More recently, strongly body-selective responses
have also been reported in the posterior fusiform gyrus,
in a region closely overlapping the FFA: the ‘‘fusiform
body area,’’ or FBA (Peelen and Downing, 2005a;
Schwarzlose et al., 2005). Finally, realistic and schematic
biological movements of the hands, face, and whole
body reliably activate posterior superior temporal sulcus
(pSTS; Allison et al., 2000; Beauchamp et al., 2002;
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A major focus in the neuroimaging research on biolog-
ical motion processing has been on selective neural re-
sponses to ‘‘point-light’’ (PL) animations (Gre`zes et al.,
2001; Grossman et al., 2000, 2004; Grossman and Blake,
2001, 2002; Michels et al., 2005; Peuskens et al., 2005;
Santi et al., 2003; Saygin et al., 2004; Vaina et al., 2001).
These displays, originally conceived by Johansson
(1973), consist of only a few dots that move in a way char-
acteristic of human movements, e.g., walking or jump-
ing. They are of theoretical interest because they convey
biological motion patterns with little or no form informa-
tion in individual frames and without most of the visual
features (e.g., clothes, skin) normally present in images
of moving human bodies. Interpretation of fMRI studies
comparing PL figures to various controls has largely
focused on pSTS. But biological motion consistently ac-
tivates other posterior regions, even when low-level fac-
tors such as the presence of visual motion per se are ac-
counted for. To date, the presence of these activations
and their functional significance remain unexplained.
Several studies have reported activations to PL action
animations in fusiform gyrus (Grossman and Blake, 2002;
Grossman et al., 2004; Santi et al., 2003). Grossman et al.
(2004) have interpreted this finding as reflecting engage-
ment of face-selective FFA by PL animations. However,
given its close proximity, this activation could instead
(or additionally) reflect activation of body-selective
FBA. PL figures also activate the posterior inferior tem-
poral sulcus/middle temporal gyrus (Michels et al.,
2005; Peuskens et al., 2005; Saygin et al., 2004). It is at
present unclear whether this activation reflects activa-
tion of body-selective neurons in the EBA (compare
Downing et al., 2001, and Michels et al., 2005, with Gross-
man and Blake, 2002) or, instead, motion-selective
neurons in area hMT+.
Here we provide a simplifying resolution to these open
questions by demonstrating that PL-related responses
outside of pSTS reflect engagement of known neural re-
gions that are selective for static images of the human
body. By performing voxel-by-voxel analyses of the re-
sponse patterns to different stimuli, we were able to dis-
entangle body-selective from face- and motion-selec-
tive responses in posterior fusiform gyrus and inferior
temporal sulcus. In all regions tested, body selectivity,
but not face or motion selectivity, could predict the re-
sponse to biological motion displays on a voxel-by-
voxel basis.
Results
Our experimental approach was as follows. First, we
used a whole-brain, group-average analysis in order to
identify gross regions that respond more to human ac-
tions, rendered as point-light animations, than to scram-
bled controls. Second, we identified several functional
ROIs: hMT+, EBA, FFA, and FBA. We then measured
the response of these individually defined ROIs to the bi-
ological motion stimuli. Finally, we performed a series of
Neuron
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Haxby et al., 2001; Haynes and Rees, 2005; Kamitani
and Tong, 2005) on individually defined ROIs, with the
goal of discovering the relationship between biological
motion selectivity and motion, face, and body selectivity
in those regions.
Eighteen subjects were tested on three blocked-de-
sign experiments. In the main experiment, point-light
renderings of simple whole-body actions were com-
pared to scrambled versions of the same sequences.
As in a previous study (Grossman et al., 2000), the
scrambled condition was created by randomizing the
starting points of the light points from the intact se-
quences, but keeping the motion patterns intact. The
other two experiments were used to identify functional
regions of interest in each subject. One compared oscil-
lating to static low-contrast rings in order to identify
hMT+. The other experiment compared the responses
to bodies (without heads), faces, scenes, and tools in or-
der to localize the body-selective regions EBA and FBA
and face-selective FFA.
Whole-Brain Analysis
An initial whole-brain group-average contrast between
the point-light biological motion display and the scram-
bled control motion display revealed activation in vari-
ous visual areas (Table 1). Replicating previous studies,
strong activation was found in right posterior superior
temporal sulcus (pSTS). We also found significant acti-
vation in bilateral posterior inferior temporal sulcus
(pITS) and posterior fusiform gyrus (pFG). The peak co-
ordinates of the pITS activation were close to those typ-
ical both for the EBA (Downing et al., 2001; Peelen and
Downing, 2005b) and for hMT+ (Dumoulin et al., 2000).
The right fusiform activation fell close to the typical coor-
dinates of the FFA and the FBA (Kanwisher et al., 1997;
Peelen and Downing, 2005a). Thus, the group-average
analysis confirms the existence of significant biological
motion selectivity in pITS and in pFG. The aim of the fol-
lowing analyses was to examine this selectivity in closer
detail, on an individual subject level, in order to deter-
mine its source.
Regions of Interest
The EBA, hMT+, FBA, and FFA were localized in each
subject individually. The mean sizes of the ROIs were
(mm3 [SD]): left EBA (586 [146]), right EBA (605 [114]),
left hMT+ (595 [97]), right hMT+ (554 [168]), right FBA
(193 [145]), right FFA (323 [167]). Average peak Talairach
and Tournoux (1988) coordinates for the EBA and hMT+
were (x [SD], y [SD], z [SD]): left EBA (245 [5], 274 [4],
21[8]), right EBA (48 [5], 270 [5], 1 [6]), left hMT+ (244
[5], 268 [4], 24 [8]), right hMT+ (44 [4], 266 [6], 22 [7]).
Average peak Talairach coordinates for the individually
localized right hemisphere FBA and right FFA were:
FBA (41 [3], 245 [7], 219 [5]), FFA (39 [4], 247 [7], 219
[4]). Note that the average coordinates of EBA and
hMT+ (within each hemisphere) were very similar and
that both were equally close to the pITS activation to bi-
ological motion in the group average analysis (left: 242,
270, 24; right: 44, 269, 27). Furthermore, even within
single subjects, EBA and hMT+ overlapped substantially
(Figure 1A). Likewise, the average coordinates of FBA
and FFA were similar to each other and were similar tothe group average biological motion fusiform gyrus acti-
vation (36, 239, 219). These regions also overlapped
substantially within subjects (Figure 1B).
In each of the individually defined ROIs, we extracted
the magnitude of the response to the two conditions in
the biological motion experiment and tested the differ-
ence between these conditions using repeated-mea-
sures ANOVAs and t tests.
Figure 2A shows the activation in left and right EBA
and hMT+ for the two conditions in the biological motion
experiment. A three-way repeated-measures ANOVA
(hemisphere 3 ROI 3 condition) revealed no significant
interactions with hemisphere. ROI interacted signifi-
cantly with condition (F1,17 = 16.6, p < 0.001), indicating
a stronger effect of biological motion in EBA compared
to hMT+. Paired-sample t tests, however, showed that
in each individual region the effect of biological motion
was highly significant (left EBA: t17 = 6.5, p < 0.001; right
EBA: t17 = 5.3, p < 0.001; left hMT+: t17 = 4.2, p < 0.001;
right hMT+: t17 = 5.3, p < 0.001). Notably, a significant ef-
fect of biological motion was also found when the biolog-
ical motion effect was measured from only the single
most-selective (peak) voxel of each individual’s ROIs
(left EBA: t17 = 7.3, p < 0.001; right EBA: t17 = 5.1, p <
0.001; left hMT+: t17 = 4.5, p < 0.001; right hMT+: t17 =
3.0, p < 0.01).
Figure 2B shows the analogous results from right FBA
and FFA. A two-way repeated-measures ANOVA (ROI3
condition) showed a significant interaction between ROI
and condition (F1,17 = 6.0, p < 0.05), indicating a stronger
effect of biological motion in FBA compared to FFA.
Paired-sample t tests showed that in both regions the
effect of biological motion was significant (FBA: t17 = 4.2,
p < 0.001; FFA: t17 = 2.6, p < 0.05). A significant effect
of biological motion was also found when each ROI
was defined by only the most selective voxel (FBA:
t17 = 3.4, p < 0.005; FFA: t17 = 3.2, p < 0.01).
Interim Summary
Thus, left and right EBA, left and right hMT+, right FBA,
and right FFA all show a strongly selective response to
biological motion animations. This holds true whether
the ROIs are defined as clusters of significant voxels
Table 1. Group-Average Activation for the Biological
Motion Display
Talairach Coordinates
Region X Y Z Mean T mm3
R. ITS 44 269 27 4.63 2101
R. ITS 52 251 3 4.49 920
R. STS 57 241 21 4.17 112
R. Fusiform 36 239 219 4.72 748
R. Fusiform 34 268 218 4.32 174
R. Post. Occipital 14 296 24 4.43 151
L. ITS 242 270 24 4.59 2544
L. Supramarginal 256 239 25 4.37 388
Group-average activations for which biological motion was greater
than scrambled motion, from a random-effects multiple-regression
analysis, thresholded at p < 0.001 (uncorrected for multiple compar-
isons) and a minimum cluster size of 100 mm3. Each row gives the
anatomical location of the activation, the Talairach coordinates of
the peak voxel, the mean T value, and the volume of activation.
ITS, inferior temporal sulcus; STS, superior temporal sulcus.
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dividual Subjects
(A) Body-selective (blue) and motion-selec-
tive (yellow) activations in posterior ITS in
six individual subjects, at p < 0.001.
(B) Body-selective (blue) and face-selective
(yellow) activations in posterior fusiform gy-
rus in six individual subjects, at p < 0.001.surrounding (and including) the peak voxel or as just the
peak alone. One explanation of these results is that the
body-selective, motion-selective, and face-selective
neurons in these regions are all strongly activated by
moving point-light figures (versus control), albeit to a dif-
ferent extent. This explanation would require a functional
account of how neurons that are generally selective for
visual motion, and other neurons selective for faces,
contribute to biological motion perception. An alterna-
tive explanation, with substantially different functional
implications, is that the biological motion activation in
hMT+ and FFA is entirely due to the existence of body se-
lectivity in these regions—perhaps in the form of body-
selective neurons interspersed among face- or motion-
selective neurons. On this account, motion selectivity
and face selectivity are unrelated to biological motion
selectivity.
Voxelwise Correlations
To distinguish between these explanations, we deter-
mined the voxel-by-voxel correlations between biologi-
cal motion selectivity and selectivity for the localizer
stimuli within each individually defined ROI (see
Figure 3A for an overview). For example, we reasoned
that if motion-selective area hMT+ processes biological
motion, voxels within hMT+ that are relatively strongly
motion selective (indicating that the voxel contains a rel-
atively large number of motion-selective neurons)
should also be relatively strongly selective for biological
motion. In contrast, voxels that show weaker motion se-
lectivity should also be less selective for biological mo-
tion. In other words, we would expect a positive voxel-
wise correlation between motion selectivity and
biological motion selectivity in hMT+ if (1) the two condi-
tions activate the same neurons and (2) the variation in
selectivity across voxels is stable and reflects variationsin the proportions of neurons exhibiting different kinds of
selectivity. (For a similar argument, see Peelen and
Downing, 2005c.) Likewise, the same logic can be ap-
plied to the posterior fusiform gyrus activations. If the
face-selective neurons of the FFA are involved in pro-
cessing biological motion, there should be a positive
voxelwise correlation in this region between face selec-
tivity and biological motion selectivity. In contrast, if bio-
logical motion activation in the FFA is explained by the
presence of body-selective neurons within the voxels
assigned to that ROI, we would expect a positive corre-
lation only between body selectivity and biological mo-
tion selectivity in this region.
Note that in the above discussion we assume that each
ROI consists of body-, face-, and motion-selective neu-
rons, and then ask whether one of these populations is
particularly engaged by biological motion. As we note
in the Discussion, the same logic applies when we con-
sider a less extreme scenario, in which a single popula-
tion of neurons responds to varying degrees, and with
different patterns across neurons, to the different stimu-
lus types.
For each voxel in each ROI, on an individual subject
basis, we calculated the biological motion selectivity
(expressed by a t value for each voxel). Then, we corre-
lated these t values with t values reflecting the motion
and body selectivity in hMT+ and EBA, and body and
face selectivity in FFA and FBA. The average correlations
were then tested against zero, with subject as the
random factor.
Voxel by voxel, biological motion selectivity was signif-
icantly correlated with body selectivity in all ROIs: left
EBA (r = 0.30, t17 = 5.4, p < 0.001), right EBA (r = 0.38,
t17 = 5.8, p < 0.001), left hMT+ (r = 0.30, t17 = 3.6, p <
0.005), right hMT+ (r = 0.39, t17 = 5.0, p < 0.001), FFA
(r = 0.31, t17 = 3.0, p < 0.01), and FBA (r = 0.14, t17 = 2.3,
Neuron
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correlate with motion selectivity in any of the pITS ROIs:
left EBA (r = 20.18, t17 = 22.0, p = 0.06), right EBA (r =
0.07, t17 = 0.7, p = 0.47), left hMT+ (r = 0.01, t17 = 0.1, p
= 0.95), and right hMT+ (r = 0.00, t17 = 0.1, p = 0.92).
Nor was there a significant correlation with face selectiv-
ity in the pFG ROIs: FFA (r = 0.13, t17 = 1.7, p = 0.10), FBA
(r = 0.10, t17 = 0.8, p = 0.41). Thus, in each region individ-
ually, biological motion selectivity was related to body
selectivity but not motion or face selectivity.
To further generalize and verify these findings, we de-
fined the union of EBA and hMT+ (which will be labeled
pITS) and the union of FBA and FFA (which will be la-
beled pFG). This allows us to test for the general relation-
ship between selectivities in these cortical ‘‘neighbor-
Figure 2. Biological Motion Activation in Regions of Interest
(A) Left hMT+ and left EBA (top panel), right hMT+ and right EBA
(middle panel).
(B) FBA and FFA (bottom panel).
Error bars reflect within-subject SEM (Loftus and Masson, 1994).hoods,’’ without regard to whether a voxel is assigned
to a particular labeled area. A further advantage of this
analysis is that it controls for any differences in the
main effect of biological motion that might exist between
ROIs. That is, for example, it could be that the somewhat
smaller biological motion effect in hMT+ (as compared to
EBA) artificially suppresses the correlation between mo-
tion and biological motion.
Both left and right pITS were strongly body-, motion-,
and biological motion selective (all p values < 0.001).
Similarly, pFG was strongly body-, face-, and biological
motion selective (all p values < 0.005). Within these larger
ROIs, we again correlated the voxelwise patterns of bio-
logical motion selectivity with the patterns of body, mo-
tion, and face selectivity. Figure 3B gives the results of
these analyses. Again, in all regions, biological motion
selectivity correlated positively with body selectivity
(left pITS: r = 0.47, t17 = 5.7, p < 0.001; right pITS: r =
0.57, t17 = 7.4, p < 0.001; pFG: r = 0.38, t17 = 4.2, p <
0.001) but not (or negatively) with motion selectivity
(left pITS: r = 20.34, t17 = 24.8, p < 0.001; right pITS:
r = 20.31, t17 = 23.9, p < 0.005) and face selectivity (r =
0.05, t17 = 0.2, p = 0.83). See Figures S1–S3 in the Supple-
mental Data avilable online for a graphical representa-
tion, in the form of scatterplots, of these results.
The negative correlations between motion selectivity
and biological motion selectivity in pITS observed in
the preceding analysis indicates that within the com-
bined pITS ROI, EBA and hMT+ are to some degree dis-
crete: voxels that are highly body- (and indeed biological
motion-) selective tend to be nonresponsive to simple
motion, and vice versa. Note that this relationship only
becomes apparent due to the use of the present pattern
analysis: as described above, even when the single most
body- or motion-selective peak voxel from each region is
considered, both ROIs show highly significant selectivity
for biological motion.
Finally, to assess the independent predictive value of
the voxelwise patterns of motion, body, and face selec-
tivity to the patterns of biological motion selectivity in the
three regions (left and right pITS, and pFG), we per-
formed multiple regression analyses. For each subject
and region, a regression model was tested with biologi-
cal motion selectivity as the dependent variable and with
body and motion selectivity (pITS) or body and face se-
lectivity (pFG) as predictors. The obtained betas were ac-
cumulated across subjects and tested against zero. This
analysis tests, for each area, whether body selectivity is a
significant predictor of biological motion selectivity while
simultaneously taking into account any shared variance
with face or motion selectivity. Biological motion selec-
tivity could be predicted by body selectivity in all regions
(left pITS: b = 0.45, t17 = 6.1, p < 0.001; right pITS: b = 0.54,
t17 = 9.8, p < 0.001; pFG: b = 0.31, t17 = 3.4, p < 0.005)
but not by motion selectivity (left pITS: b = 20.17, t17 =
2.0, p = 0.06; right pITS: b = 20.11, t17 = 1.4, p = 0.18) or
by face selectivity (pFG: b = 0.13, t17 = 1.3, p = 0.22).
Discussion
Our findings support three main conclusions, each of
which we discuss in turn below. First, we resolve a long-
standing ambiguity in studies of the neural basis of bio-
logical motion perception, by identifying and interpreting
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tion activations. Thus, this work significantly clarifies our
emerging picture of how the human brain makes sense
of the appearance and actions of other individuals. Sec-
ond, we provide evidence for a highly selective, focal
representation of the human body that closely overlaps,
but is functionally separate from, the fusiform face area.
This finding has important implications for interpreting
the functional organization of this region. Finally, our re-
sults illustrate the power of combining a functional ROI
approach with analyses of the response patterns within
different ROIs. By localizing multiple, adjacent areas of
interest and relating various types of selectivity on a
voxel-by-voxel basis, we were able to draw conclusions
that would be impossible with typical whole-brain group-
average or individual-subject functional ROI analyses.
Biological Motion Perception
Numerous previous studies have supported the notion of
a network of areas involved in the perception of other in-
dividuals. With respect to biological motion, the focus
has been almost entirely on pSTS, to the exclusion of
other posterior regions engaged by the same stimuli.
Our results show that visual areas involved in analyzing
the form of the human body (EBA, FBA) are selectively
activated by sparse movement patterns that induce the
percept of a person performing an action. In these re-
gions, there was not only a global preference for point-
light actors compared to scrambled controls, but also
Figure 3. Voxelwise Correlations
(A) Schematic overview of the voxelwise correlation method: activa-
tions to different conditions were correlated voxel-by-voxel. Condi-
tions 1 and 2 elicit a similar activation pattern and are therefore highly
correlated. Conditions 2 and 3 have a dissimilar activation pattern
and are not (or negatively) correlated.
(B) Voxelwise correlations between body, face, and motion selectiv-
ity, with biological motion selectivity in posterior ITS and posterior
fusiform regions. Body selectivity correlated significantly with bio-
logical motion selectivity in all regions. Motion and face selectivity
did not correlate, or correlated negatively, with biological motion
selectivity.a strong voxel-by-voxel correlation between body selec-
tivity and biological motion selectivity. Other areas
(hMT+ and FFA) that substantially overlapped these
regions also showed a significant selective activation to
the biological motion displays. Strikingly, however, the
voxelwise variation in response to these regions’ pre-
ferred stimuli (simple motion and faces) bore no relation-
ship to biological motion selectivity, while variation in
body selectivity did. From these results we conclude that,
in spite of the apparent biological motion selectivity of
hMT+and FFA, the motion- and face-selective neurons in
these regions play no functional role in biological motion
perception. Instead we attribute the biological motion
response in these two general cortical areas to body-
selective neurons in the EBA and FBA, respectively.
What do our results suggest about the pITS and pFG
regions at the level of individual neurons? To use pITS
as an example, one possibility is that the region contains
two kinds of neurons, which are highly selective either
for visual features of the human body or for visual mo-
tion. Alternatively, the distinction between motion- and
body-selective neurons may be one more of degree
than of kind. On this account, pITS neurons would
respond to varying degrees to both visual motion and
to visual aspects of the human body. Our results indicate
that if this were the case, the distribution of these two
kinds of selectivity would be largely independent. That
is, variations in body selectivity from neuron to neuron
would be unrelated to (and not predictable by) variations
in motion selectivity—indicating functional indepen-
dence of motion and body selectivity, even if these two
functions are not divided in an absolute sense between
two neural populations.
On either account, body and motion selectivity would
have to be interleaved on a fairly fine scale (relative to the
resolution of fMRI) to explain our findings of biological
motion selectivity in hMT+ as well as EBA ROIs. The
results of our pattern analyses, however, suggest con-
sistent variation across voxels in the relative proportion
of neural selectivity for bodies and for visual motion
(e.g., Haynes and Rees, 2005; Kamitani and Tong, 2005).
What is the functional difference between the various
posterior areas engaged by biological motion? Impor-
tantly, pSTS is not strongly selective for static bodies
(e.g., Grossman and Blake, 2002), in contrast to the
EBA and FBA. Although we cannot exclude the possibil-
ity that the response in pSTS to biological motion reflects
form information derived from motion, we suggest in-
stead that pSTS is activated specifically by particular
motion patterns instead of the accompanying form infor-
mation. This is consistent with a study by Beauchamp
et al. (2002), who tested the neural response to the
same bodies moving in either an articulated or unarticu-
lated fashion. Significantly more activation was found in
pSTS during articulated body movements, suggesting
that the type of movement is a key predictor for pSTS
activation. In contrast, areas EBA and FBA have been
shown to selectively respond to static bodies even
when they are depicted by very minimal visual cues, for
instance a few lines forming a ‘‘stick figure’’ (Downing
et al., 2001; Peelen and Downing, 2005a). In other words,
the presence of the form of the body seems crucial for
these areas, much more so than the presence of specific
low-level visual features.
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EBA and FBA are largely ‘‘naive’’ about the patterns of
changing posture that comprise biological actions, but
instead simply respond to the presence of the form of
the body. The pSTS, in contrast, integrates information
over time and activates in response to movements that
are biologically plausible. These suggestions are gener-
ally consistent with a recent computational model of bi-
ological motion perception, which proposes that pSTS
integrates form information from a ‘‘ventral’’ pathway
(which includes EBA) and motion information from a
‘‘dorsal’’ pathway (Giese and Poggio, 2003). Note, how-
ever, that this model does not take into account the
recently discovered FBA; we turn next to a closer discus-
sion of this region.
Body Selectivity and the Posterior Fusiform Gyrus
Body-selective responses in FBA, but not face-selective
responses in overlapping area FFA, showed a strong re-
lation to selectivity for biological motion. This finding is
important because it shows that areas that are anatom-
ically overlapping can be functionally dissociated. A
recent study, using high-resolution (1.43 1.43 2.0 mm)
fMRI, found that pFG body and face responses could
also be partly distinguished spatially, in that in many
subjects voxels could be identified that showed either
body or face selectivity, but not both (Schwarzlose
et al., 2005). Notably, areas of overlap remained between
face- and body-selective regions. The present results
suggest that body and face selectivity may be indepen-
dent within the overlapping region and offers a method
to test this possibility with high-resolution data.
The face selectivity of the posterior fusiform gyrus has
been the matter of much recent debate (Kanwisher,
2000; Tarr and Gauthier, 2000). On one account, the FFA
is not selective for faces as such, but is instead involved
in a cognitive process that is usually most strongly em-
ployed by faces (Tarr and Gauthier, 2000). This cognitive
process has been qualitatively described as subordinate
discrimination of highly similar objects for which one has
substantial expertise. This account of the FFA could po-
tentially explain the strong body selectivity in this gen-
eral region (Peelen and Downing, 2005a, Schwarzlose
et al., 2005), as the perceptual processes involving
bodies are in some ways similar to those involving faces
(this is illustrated, for example, by the inversion effect
found for both bodies and faces [Reed et al., 2003]).
Importantly, the present evidence that body- and face-
selective fusiform regions can be functionally dissoci-
ated refines our view of the properties of this region.
We propose that it contains (at least) two functionally
distinct domain-specific representations, overlapping
at a relatively fine scale. These populations may share
in common the property that they are suited to dis-
criminating highly similar objects, which would be con-
sistent with a domain-general account of the region as
a whole.
Analysis of Multiple Overlapping Regions of Interest
As we have shown for two different broad brain regions
(posterior inferior temporal sulcus and posterior fusiform
gyrus), group-average coordinates of functionally quite
different regions can be very close together. As a result,
great caution should be taken in functionally labeling anactivated region (e.g., ‘‘FFA’’) based on group-average
coordinates, especially when the coordinates of this
area come from a different group of subjects or a differ-
ent study altogether.
One approach that researchers have taken to over-
come this problem is to functionally localize ROIs in
each subject, thus avoiding the problems that arise
from intersubject averaging. However, our results show
that this may not be sufficient to avoid false conclusions.
Indeed, based simply on the overall amplitude differ-
ences that we found between intact and scrambled
biological motion sequences (which were highly signifi-
cant in each ROI individually, even when only peak
voxels were considered), we might have falsely con-
cluded that body-selective, motion-selective, and face-
selective neurons are all involved in biological motion
perception.
This highlights the importance of localizing not only
regions of interest critical for one’s hypothesis, but
also other known nearby regions. When these regions
overlap, as in the case of hMT+/EBA and FFA/FBA, this
localization must be done within subjects, and ideally
within sessions, to maximize the ability to distinguish
functional regions. Finally, and critically, the pattern of
responses to a contrast of interest, across the voxels
that comprise each ROI, carries valuable information
(Cox and Savoy, 2003; Haxby et al., 2001; Haynes and
Rees, 2005; Kamitani and Tong, 2005). In the present
study, analyzing these patterns allowed us to disentan-
gle the sources of biological motion selectivity as ob-
served at the aggregate ROI level. Because of the unique
voxelwise relationship between body selectivity and
biological motion selectivity, we can attribute the biolog-
ical motion effects in hMT+ and FFA to the presence of
body selectivity in the voxels of those ROIs.
Conclusion
To summarize, we have used a combination of multiple
within-subject ROI definition and voxelwise pattern anal-
yses to elucidate the functional network of brain regions
involved in the analysis of biological motion. We believe
this approach will prove useful both in further studies on
the neural basis of ‘‘social vision’’ and more generally in
studies of other regions where multiple functional areas
occupy overlapping cortical territory.
Experimental Procedures
Subjects
Eighteen healthy adult volunteers were recruited from the University
of Wales, Bangor community. Participants satisfied all requirements
in volunteer screening and gave informed consent approved by the
School of Psychology at the University of Wales, Bangor, and the
North-West Wales Health Trust. Participation was compensated at
£20 per session.
Design and Procedure
Each participant was scanned on three blocked-design fMRI exper-
iments, in order to identify a priori functional regions of interest with
respect to individual brain anatomy and to measure the response of
these regions to biological motion stimuli. We localized the EBA and
FBA with an experiment consisting of blocks of images of human
faces, human bodies without heads, outdoor scenes, and handheld
tools. The experiment consisted of 21 15 s blocks. Blocks 1, 6, 11, 16,
and 21 were fixation-only baseline epochs. In each of the remaining
blocks, 20 different images from one category were presented. Each
Pattern Analysis of Biological Motion Selectivity
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Twice during each block, the same image was presented two times
in succession. Subjects were required to detect these repetitions
and report them with a button press (1-back task). Image position
was jittered slightly on alternate presentations, in order to disrupt
attempts to perform the 1-back task based on low-level visual tran-
sients. Each participant was tested with two different order versions
of the experiment, counterbalancing for the order of the blocks. In
both versions, assignment of category to block was counterbal-
anced, so that the mean serial position in the scan of each condition
was equated. Participants were tested with two (n = 14) or four (n = 4)
runs of this experiment. Further details can be found elsewhere
(Peelen and Downing, 2005a).
The blocked-design localiser for area hMT+ consisted of a pattern
of low-contrast, concentric rings that either slowly oscillated inwards
and outwards, or, in separate blocks, remained static (cf. Tootell
et al., 1995). The experiment consisted of 21 15 s blocks. Blocks 1,
6, 11, 16, and 21 were fixation-only baseline epochs. In the remaining
blocks, moving and static stimuli were alternated. The stimuli in this
experiment were passively viewed. Participants were tested with
one run of this experiment.
The biological motion experiment had a similar design to the
hMT+ localiser, except that the blocks were 16 s long. In nonbaseline
blocks, subjects passively viewed either 16 intact point-light anima-
tions of simple, whole-body actions (e.g., jumping or throwing) or
scrambled controls of the same animations. Scrambled controls
were made by keeping the component motions intact while ran-
domizing the starting point of each dot. The animations were com-
prised of small white dots on a black background. Each animation
lasted 667 ms, with a 333 ms blank interval before the next stimulus.
Participants were tested with one (n = 13) or two (n = 5) runs of this
experiment.
Data Acquisition
A 1.5T Philips MRI scanner with a SENSE parallel head coil was used.
For functional imaging, a single-shot EPI sequence was used (T2*
weighted, gradient echo sequence, TE = 50 ms, flip angle 90º). Scan-
ning parameters were: TR = 3000 ms, 20–22 off-axial slices, voxel
dimensions: 3.75 3 3.75 3 5 mm (n = 11), 3 3 3 3 4 mm (n = 6), or
2.5 3 2.5 3 2.5 mm (n = 1).
Preprocessing
Preprocessing and statistical analysis of MRI data were performed
using BrainVoyager 4.9 (Brain Innovation, Maastricht, The Nether-
lands). Three dummy volumes were acquired before each scan in or-
der to reduce possible effects of T1 saturation. Functional data were
motion corrected, low-frequency drifts were removed with a tempo-
ral high-pass filter (0.006 Hz). No spatial smoothing was applied.
Functional data were manually coregistered with 3D anatomical T1
scans (1 3 1 3 1.3 mm resolution). The 3D anatomical scans were
transformed into Talairach space, and the parameters for this trans-
formation were subsequently applied to the coregistered functional
data, which were resampled to 1 3 1 3 1 mm voxels. The analyses
were performed in Talairach space to allow comparison of ROI loca-
tions with previous (and future) studies. Because the normalization
parameters were (for a given subject) identical for all conditions,
normalization could not have systematically influenced the results
(cf. Swallow et al., 2003).
Whole-Brain Analysis
A whole-brain, random-effects group average analysis was con-
ducted on data from the biological motion experiment. Seventeen
subjects were included in this analysis (one subject was excluded
because we did not scan the whole brain in this subject). A contrast
was performed at an uncorrected threshold of p < 0.001 to test for
regions more active in the intact than the scrambled conditions.
Only clusters >100 mm3 are reported for this analysis.
ROI Analysis
For each participant, general linear models were created for each
localiser experiment. One predictor (convolved with a standard
model of the HRF) modeled each condition. Regressors of no interest
were also included to account for differences in the mean MR signal
across scans. Regressors were fit to the MR time series in eachvoxel, and the resulting parameter estimates were used to estimate
the magnitude of response to each experimental condition.
In each participant, the localiser scans were used to define the
EBA by contrasting the response to human bodies with that to the
average of faces, tools, and scenes. The FBA was defined by con-
trasting bodies against tools, and the FFA was defined by contrast-
ing faces against tools (Peelen and Downing, 2005a). (Note that in
a recent study [Downing et al., 2005] we found that identification
and characterization of these regions was little affected by the
choice of baseline conditions.) We identified area hMT+ by contrast-
ing the response to moving concentric rings with that to static rings.
Analyses of the FBA and FFA were restricted to right hemisphere
ROIs; on the basis of previous evidence these regions are weaker
or nonexistent in the left hemisphere (Kanwisher et al., 1997; Peelen
and Downing, 2005a).
For each ROI in each subject, the most significantly activated voxel
was identified within a restricted part of cortex based on previously
reported anatomical locations (EBA: Peelen and Downing, 2005b;
hMT+: Dumoulin et al., 2000; FFA: Kanwisher et al., 1997; FBA: Peelen
and Downing, 2005a). ROIs were defined as the set of contiguous
voxels that were significantly activated (all p < 0.001 uncorrected)
within a 9 3 9 3 9 mm cube surrounding (and including) the peak
voxel. This procedure was adopted for four reasons: to ensure that
regions were defined objectively, to ensure that they were segre-
gated from nearby selective activations, to roughly equate the num-
ber of voxels included across different regions of interest, and to en-
sure that only the most selective voxels were included in the ROI.
Within each ROI in each subject, a further general linear model was
then applied, modeling the response of the voxels in the region (in
aggregate) to the intact and scrambled biological motion conditions.
The regression weights from this GLM provided the basis for the ROI
amplitude results shown in Figure 2. A further analysis testing only
the peak voxel of each ROI confirmed these results.
Correlation Analyses
For each ROI in each subject individually, we measured the voxel-by-
voxel pattern of selectivity to key stimuli of interest. This was accom-
plished by extracting a t value for a given contrast at each voxel in the
ROI. The t value provides a useful index of selectivity, because it
combines in one number the magnitude of the difference between
two conditions, relative to the within-condition variance. For all re-
gions of interest, selectivity was measured for intact compared to
scrambled point-light biological motion. For the pITS ROIs (hMT+
and EBA), motion selectivity was measured with moving versus
static rings, and body selectivity with bodies versus the average of
faces, tools, and scenes. For the pFG ROIs (FFA and FBA), face
and body selectivity were measured with faces versus tools and
with bodies versus tools, respectively.
These t values provided the raw materials for further analyses of
the relationship between different kinds of selectivity within a given
ROI. For the first type of analysis, we correlated, for each ROI, the
pattern of selectivity for one contrast with the pattern for another.
Thus, for example, we might correlate body selectivity and biological
motion selectivity within the right EBA of a particular subject. These
correlations were extracted for each subject individually, Fisher
transformed, and the resulting mean correlation was tested statisti-
cally against zero.
For the second type of analysis, we computed similar correlations
for ROIs defined by the union of the voxels of two individual ROIs
(e.g., the union of right hMT+ and right EBA). This provides a test
of the overall relationship between types of selectivity within a gen-
eral region (e.g., posterior fusiform gyrus in the case of FFA/FBA;
posterior ITS in the case of EBA/hMT+).
Finally, we used multiple regression to analyze how well biological
motion selectivity could be predicted within a given ROI based on
one kind of selectivity, while simultaneously taking into account
another type of selectivity. For example, this analysis allowed us to
ask to what extent biological motion selectivity could be predicted
in EBA as a function of body selectivity, while accounting for any var-
iance explained by motion selectivity. For each ROI in each subject,
a linear model was fit with two kinds of selectivity as predictors and
with biological motion selectivity as the to-be-predicted variable. An
additional ‘‘flat’’ predictor was included to account for global differ-
ences in selectivity. The fit from each model resulted in a normalized
Neuron
822beta value for each of the two predictors of interest. These betas
were collected from each subject individually and compared against
zero with a t test.
Supplemental Data
The Supplemental Data for this article can be found online at http://
www.neuron.org/cgi/content/full/49/6/815/DC1/.
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